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matchgate approach the author derived earlier, which offers one of the few known methods for simulating significant subclasses of quantum
computations classically in polynomial time.
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1. Problem Studied

(A): The initial problem we studied was whether quantum computations could be
simulated in polynomial time using classical computers.

(B): The new problem area we discovered on the way was whether ideas from quantum
mechanics could be used to derive polynomial time algorithms for classical computers
independent of quantum computation.

2. Results

(A): We discovered and explored a significant subclass of quantum computations that can
be simulated classically in polynomial time [1, 2]. The methodology used was that of
matchgates which was apparently novel. The subclass identified as so simulatable stands
as one of the few such examples known. A subclass of our subclass was identified to
have a correlate in physics [3].

(B): The above work led to the discovery that the matchgate methodology was not
restricted to simulating quantum computations but could be applied also to more general
counting classes. Exponentially many combinations of linear superpositions, in the
general style of quantum physics, could be simulated in polynomial time classically
under certain conditions, sometimes with good effect. We called these holographic
algorithms, and our work then developed in two directions:

First, we developed polynomial time classical algorithms for a series of combinatorial
problems for which no such algorithms had been known before [4]. An archetypal such
problem is a restricted version of the general matching problem, known to physicists as
the monomer-dimer problem. In the theory each basis allows different primitive
operations, and the task, given a combinatorial problem, is to find a basis on which the
needed primitives of the problem at hand can be realized consistently.

Second, we developed a complexity theory based on such algorithms [5]. In particular we
showed which sets of primitives needed to be realized in some common basis for certain
complexity classes (e.g #P) to collapse to the classical polynomial level.

There has also been some recent theoretical progress by others on understanding such
holographic algorithms [6].
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